We present a careful recasting of first-principles band-structure calculations for MgB 2 in a nonorthogonal sp-tight-binding ͑TB͒ basis. Our TB results almost exactly reproduce our full-potential linearized augmented plane-wave results for the energy bands, the densities of states, and the total energies. Our procedure generates transferable Slater-Koster parameters that should be useful for other studies of this important material. DOI: 10.1103/PhysRevB.64.172510 PACS number͑s͒: 74.25.Jb, 71.15.Dx The recent discovery of superconductivity in MgB 2 ͑Ref. 1͒ has created great interest in the study of this material, both to understand the mechanism of superconductivity and to explore other properties of MgB 2 and related materials. Intensive research has been carried out both by experimentalists 1-3 and theorists. 4 -9 There have been several studies of the electronic structure of MgB 2 including totalenergy, band-structure, and phonon-spectra calculations as well as evaluations of the electron-phonon coupling, which seems to have emerged as the prime candidate for explaining the superconducting behavior.
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In this paper we present an accurate tight-binding ͑TB͒ description of the band structure and total energy of MgB 2 . While there have been TB interpretations of the electronic structure of MgB 2 in the literature, a realistic recasting of the details of the first-principles electronic-structure calculations is lacking. Our approach follows the nonorthogonal ͑NRL͒ TB methodology, 10, 11 which is based on deriving a nonorthogonal TB Hamiltonian by fitting to both the total-energy and energy-band results of a first-principles full-potential linearized augmented plane-wave 12,13 ͑LAPW͒ calculation using the Hedin-Lundqvist parametrization of the local-density approximation ͑LDA͒. 14 We first performed detailed LAPW calculations for MgB 2 in its ground-state (AlB 2 ) structure, varying c and a, thus determining the LDA equilibrium volume. It was necessary to perform 17 independent LAPW calculations over a large range of volumes and c/a ratios. Our LAPW equilibrium parameters are c ϭ6.55 a.u. and aϭ5.75 a.u., as compared to the experimental values of cϭ6.66 a.u. and aϭ5.83 a.u. As is usually the case, the LDA underestimates the experimental values, here by about 1.5%.
All the above results, i.e., 17 values of the total energy and the energy bands for 76 k points in the irreducible hexagonal Brillouin zone, were used as a database to determine the parameters of our tight-binding Hamiltonian. According to the NRL-TB scheme the on-site parameters depend on the density of the neighboring atoms and the hopping integrals have a polynomial dependence that extends to at least the third nearest-neighbor distance. Our basis included the s and p orbitals in both Mg and B in a nonorthogonal two-center representation. A wave-function analysis of our LAPW results shows that the bands up to the Fermi level F are strongly dominated by the B p states with very little contribution from the Mg ions. It turns out, however, that an accurate TB fit including only the B orbitals is impossible, and therefore the Mg s and p orbitals were included in the fit. Furthermore, to obtain an accurate fit it was essential to block diagonalize the Hamiltonian at the high-symmetry points ⌫, A, L, K, and H. We find that at a given set of lattice parameters (c,a) we can reproduce the energy bands of MgB 2 quite well. A comparison is shown in Fig. 1 , where the solid and broken lines represent the LAPW and TB bands, respectively, at the LDA values of the equilibrium lattice parameters. The TB bands are in very good agreement with the LAPW bands, including the two-dimensional B-band in the ⌫→A direction just above F , which has been identified as hole-band-controlling superconductivity. 5, 7 The rms fitting error is 2 mRy for the total energy, and close to 10 mRy for the first five bands. Beyond the fifth band our fit is not as accurate, as the Mg d bands, which are not included in our Hamiltonian, come into play. The values of our TB parameters are given in Table I following the notation of Bernstein et al. 15 In this table we also show, for the convenience of the reader, the actual Slater-Koster parameters for three or four nearest neighbors determined from our formulas for the specific LDA equilibrium values of the lattice constants.
In Fig. 2 we show a comparison of TB and LAPW densities of states ͑DOS͒. There is an excellent agreement in both the total DOS and the B p-like DOS. To facilitate the comparison we have normalized the muffin-tin decomposed LAPW values so that the contributions from the angular mo- Hopping terms 
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On-site parameters (ϭ0.79205 a.u. Hopping terms Fig. 2 . Additionally, we have omitted the Mg p-like DOS, which is also small below F , although it becomes significant above F . Our TB value of the total DOS at F is N( F )ϭ0.69 states/eV, which is almost identical to that found from our direct LAPW calculation. This value of N( F ) corresponds to the LDA equilibrium volume and is slightly smaller than the value of 0.71 states/eV reported by other workers 4 -8 at the experimental volume. Using our value of N( F ) and the measured value 3 of the specific-heat coefficient ␥ we infer a value of ϭ0.65, which is consistent with the high superconducting-transition temperature in MgB 2 . It should also be noted that the B p states contribute 81% of the DOS at F .
Our TB Hamiltonian also provides an accurate description of the energetics of MgB 2 , which is expected to be very useful for other theoretical studies. We have further tested our parameters by computing the TB equilibrium structure. 
